A novel process for synthesizing composite particles, named the high temperature molten salts method, is discussed in this paper. The molten salts are a reaction medium that do not take part in the chemical reaction and can be easily dissolved by water washing. By this method, composite particles were prepared in molten salts at 680-850 C. The heat released from the chemical reaction was found playing an important role to obtain the desired composite particles. The reverse martensitic transformation of the NiTi particles is confirmed in these composite particles by differential scanning calorimetry (DSC).
Introduction
Powder materials can be synthesized by a number of techniques by starting from the vapor phase (e.g., inert gas condensation), liquid phase (e.g., electrodeposition, rapid solidification), and solid state (e.g., mechanical attrition). In-situ synthesis methods have been used to produce composites. For example, TiC or TiB 2 can be produced by in-situ reaction to reinforce titanium matrix composites. 1, 2) Premkumar, et al. 3) synthesized TiC particles from pure Ti and C powder in molten Al to reinforce Al matrix material. Based on this method, a new method is developed. Molten salts are used as a substitute for the molten Al, and then the powder reactants come to react in the molten salts. Here, the salts are the medium for synthesizing products. Because the salts do not take part in the chemical reaction, and they can dissolve in water, the powder products are easy to collect by filtration.
Experimental
Ni powder (200 meshes, 99.9% purity), Ti powder (200 meshes, 99.9% purity), NH 4 Cl (99.5% purity) and carbon powder were used as the raw materials. The reactant powders were mixed for 1 hour in polypropylene containers with milling media of agate balls. The weight ratio of the balls to the powders was 20:1, and the rotary speed of the container was 150 r/min. The container was backfilled with argon to avoid oxidation. Then the mixtures of reactants and equalmolar NaCl þ KCl were mixed for 1 h.
The reactant powders and salts were pressed into green blocks 15 mm in diameter and 3 to 5 mm in thickness by 3 MPa of axial pressure. The green blocks were put into a crucible filled with molten salts (NaCl þ KCl) in a furnace at different temperatures. After a holding period of ten minutes, the crucibles were taken out of the furnace and cooled in air. Finally, the salts containing the product powders were put into distilled water and the salts dissolved. Then the product powders were collected by filtration. It is worth noting that the density of the green blocks is higher than that of the molten salts. Thus, the green blocks sinks down to the bottom of the crucible as soon as it is put into the molten salts, which prevents oxidation during the reaction process.
A Netzsch 204F1 differential scanning calorimeter (DSC) was used to measure the reverse martensitic transformation of the NiTi particles at a heating and cooling rate of 10 C/ min. The phase composition was analyzed by using the X-ray diffraction (XRD) method with Cu-K radiation.
Results and Discussion
The TiC/NiTi composite particles were synthesized from the Ni, Ti and C powders by chemical reaction in molten salts. Figure 1 shows the XRD results of the as-prepared TiC/NiTi composite particles. The results indicated the presence of TiC and NiTi alloy in the martensitic phase. The broadening of the diffraction peaks indicated the tiny size of the grains. According to the Scherrer formula, 4) the average crystallite size of the TiC and NiTi particles were 28 and 33 nm, respectively. Figure 2 shows the DSC curves of the TiC/NiTi composite particles. As can be seen, the reverse transformation starting temperature (A s ) and the finishing temperature (A f ) were 60.5 and 104.5 C, respectively, and in cooling the martensitic starting temperature (M s ) and finishing temperature (M f ) were 72.5 and 39.5 C, respectively. 
In our early researches, NiTi and TiC particles were successfully synthesized separately by the high temperature molten salts method. 5, 6) The reactions between Ti and C, and Ti and Ni are both spontaneous at room temperature, according to eq. (1) and eq. (2),
However, due to the kinetics reasons, the NiTi particles could only be synthesized in molten salts at temperatures not lower than 680 C, 5) and the TiC particles could only be synthesized in molten salts at temperatures not lower than 800 C. 6) In this work, however, the TiC/NiTi composite particles can be synthesized at a temperature lower than 800 C. It is well known that Ni, Ti and C particles are not soluble in the molten salts. When the green blocks are put into the molten salts, the salts in the green blocks will melt under the circumstance temperature. In the molten salts, if Ni and Ti particles meet each other, reactions can happen and NiTi particles can be obtained. According to the eq. (1), the reaction between Ni and Ti is exothermic. The released heat elevates the local temperature, which facilitates the reaction between the remaining Ti and C particles. This is the reason that the TiC particles can be synthesized at a temperature lower than 800 C. In our early researches, the TiCN particles were synthesized from the Ti, C and NH 4 Cl powders by chemical reaction in molten salts. On the basis of this research, TiCN/ NiTi composite particles were prepared. In order to attain TiCN/NiTi composite particles, the Ni, Ti, C and NH 4 Cl powders were employed as the raw materials. Figure 3 shows the XRD results of the as-prepared TiCN/NiTi composite particles. The results indicated the presence of NiTi alloy in the martensitic phase and TiCN phase. Besides the desired TiCN and NiTi phase, there were some Ni 3 Ti existing. This indicated that the chemical reaction in the molten salts was complicated. Further researches, such as improving the process parameters, should be carried out to reveal the real reaction mechanism in the molten salts. Figure 4 shows the DSC curves of the TiCN/NiTi composite particles. As can be seen, the reverse transformation starting temperature (A s ) and the finishing temperature (A f ) were 66.7 and 94. 4 C, respectively, and when cooling the martensitic starting temperature (M s ) and finishing temperature (M f ) were 60.5 and 24.5 C, respectively. Figure 4 clearly indicates that the prepared NiTi particles possess reversible martensitic transformation characteristics.
Conclusion
TiC/NiTi composite particles are prepared by the high temperature molten salts method. The DSC analysis confirms the presence of the martensite transformation in these particles. The heat of the reaction between Ni and Ti could promote the reaction between Ti and C.
TiCN/NiTi composite particles are prepared by the same method, too. Although the products are complicated, the presence of the martensite transformation in these particles is also confirmed by DSC analysis. 
